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(57) ABSTRACT 
A thermostat, includes a housing and an occupancy sensor 
that is disposed within the housing and configured to detect 
physical presences of users within a responsive area of the 
occupancy sensor. The thermostat may also include a pro 
cessing system that is disposed within the housing and in 
operative communication with the occupancy sensor. The 
processing system may be configured to determine, after a 
trial period, whether to activate an away-state feature by 
storing indications of how often the occupancy sensor 
detected physical presences during the trial period, comput 
ing an occupancy level for the trial period, comparing the 
occupancy level to a threshold criterion, determining whether 
Sufficiently true indications of occupancy conditions were 
sensed by the occupancy sensor during the trial period, and 
enabling the away-state feature of the thermostat if it is deter 
mined that the Sufficiently true indications of occupancy con 
ditions were sensed during the trial period. 
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SMARTHOME DEVICE THAT 
SELF-QUALIFIES FOR AWAY-STATE 

FUNCTIONALITY 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of the following 
commonly assigned applications, each of which is incorpo 
rated by reference herein: U.S. Provisional Application No. 
61/550,345 filed Oct. 21, 2011; U.S. Provisional Application 
No. 61/627,996 filed Oct. 21, 2011; and U.S. Ser. No. 13/279, 
151 filed Oct. 21, 2011. 

TECHNICAL FIELD 

0002 This patent specification relates to systems and 
methods for the monitoring and control of energy-consuming 
systems or other resource-consuming systems. More particu 
larly, this patent specification relates to control units that 
govern the operation of energy-consuming systems, house 
hold devices, or other resource-consuming systems, includ 
ing methods for activating electronic displays for thermostats 
that govern the operation of heating, ventilation, and air con 
ditioning (HVAC) systems. 

BACKGROUND OF THE INVENTION 

0003. While substantial effort and attention continues 
toward the development of newer and more sustainable 
energy Supplies, the conservation of energy by increased 
energy efficiency remains crucial to the world's energy 
future. According to an October 2010 report from the U.S. 
Department of Energy, heating and cooling account for 56% 
of the energy use in a typical U.S. home, making it the largest 
energy expense for most homes. Along with improvements in 
the physical plant associated with home heating and cooling 
(e.g., improved insulation, higher efficiency furnaces), Sub 
stantial increases in energy efficiency can be achieved by 
better control and regulation of home heating and cooling 
equipment. By activating heating, ventilation, and air condi 
tioning (HVAC) equipment for judiciously selected time 
intervals and carefully chosen operating levels, Substantial 
energy can be saved while at the same timekeeping the living 
space Suitably comfortable for its occupants. 
0004 Programmable thermostats have become more 
prevalent in recent years in view of Energy Star (US) and 
TCO (Europe) standards, and which have progressed consid 
erably in the number of different settings for an HVAC system 
that can be individually manipulated. Some programmable 
thermostats have standard default programs built in. Addi 
tionally, users are able to adjust the manufacturer defaults to 
optimize their own energy usage. Ideally, a schedule is used 
that accurately reflects the usual behavior of the occupants in 
terms of sleeping, waking and periods of non-occupancy. Due 
to difficulty in programming many thermostats, however, 
may schedules do not accurately reflect the usual behavior of 
the occupants. For example, the schedule may not account for 
Some usual periods of non-occupancy. Additionally, even 
when a suitable schedule is programmed into the thermostat, 
inevitably there are departures from usual behavior. The user 
can manually set back the thermostat when leaving the house 
and then resume the schedule upon returning, but many users 
never or very seldom perform these tasks. Thus an opportu 
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nity for energy and cost savings exist if a thermostat can 
automatically set back the setpoint temperature during time 
of non-occupancy. 
0005 U.S. Patent Application Publication No. 2010/ 
0019051A1 discusses overriding of nonoccupancy status in a 
thermostat device based upon analysis or recent patterns of 
occupancy. The publication discusses a “safety time.” for 
example during the nighttime hours in a hotel or motel room, 
during which requirements to maintain a condition of occu 
pancy are relaxed based on pattern recognition analysis. A 
“hysteresis' period of typically less than a few minutes can be 
built into the motion sensor to establish occupancy for some 
period after any motion is detected or signaled. An increased 
hysteresis period can be used during safety times Such as 
during the evening and night hours. The focus is mainly on 
reliably detecting when occupants return from an absence. 
0006 Important issues arise, however, at the interface 
between (i) energy-saving technologies that might be achiev 
able using known sensing and processing methods, and (ii) 
the actual widespread user adoption of devices that imple 
ment Such energy-saving technologies and the integration of 
those devices into their daily routines and environment. It has 
been found especially important that the “first contact’ 
between a user and an energy-saving device, and the first 
couple of days/weeks of the user experience with that energy 
saving device, constitute a particularly easy, enjoyable, and 
pleasant experience, or else the user can quickly “turn off or 
“tune out to the device and its energy-saving advantages, 
such as by de-activating the advanced features (for example, 
setting their thermostat to a “temporary' manual-override 
mode on a permanent basis) or even taking it back to the seller 
and replacing it with their old device or a “less complicated 
device. More bluntly stated, the roadways of green technol 
ogy are littered with the skulls of devices and systems that 
promised to save energy but that no homeowners wanted to 
use. One or more issues arises in the context of providing an 
intelligent, multi-sensing, network-connected, energy-saving 
device for adoption into the home in an easy, pleasant, and 
user-friendly manner that is at least partially addressed by one 
or more of the embodiments described further hereinbelow. 
Other issues arise as would be apparent to a person skilled in 
the art in view of the present teachings. 

BRIEF SUMMARY OF THE INVENTION 

0007. In one embodiment, a thermostat may be presented. 
The thermostat may include a housing and a processing sys 
tem disposed within the housing. The processing may be 
coupled to a user interface and configured to be in operative 
communication with one or more temperature sensors for 
determining an ambient air temperature. The processing sys 
tem may also be in operative communication with one or 
more input devices, including the user interface, for deter 
mining a setpoint temperature value. The processing system 
may be in still further operative communication with a heat 
ing, ventilation, and air conditioning (HVAC) system to con 
trol the HVAC system based at least in part on a comparison 
of a measured ambient temperature and the setpoint tempera 
ture value. 
0008. The thermostat may also include at least one occu 
pancy sensorin operative communication with the processing 
system. The thermostat may include an away-state feature in 
which the thermostatenters into an away-state mode of opera 
tion upon a determination by the processing system based on 
readings acquired by the at least one occupancy sensor that an 
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away-state criterion indicative of a non-occupancy condition 
for an enclosure in which the thermostat has been installed 
has been satisfied, where the away-state mode of operation 
can include an automated setpoint temperature setback mode. 
0009. In one embodiment, the processing system can be 
further configured to automatically determine, without 
requiring user input, whether to activate the away-state fea 
ture for the enclosure in which the thermostat has been 
installed. This may include receiving readings from the at 
least one occupancy sensor during a trial period; comparing 
information derived from the trial period readings to a thresh 
old criterion to establish whether sufficiently true indications 
of occupancy conditions were sensed by the at least one 
occupancy sensor during the trial period; and enabling the 
away-state feature of the thermostat only if it is determined 
that the Sufficiently true indications of occupancy conditions 
were sensed during the trial period. 
0010. In another embodiment, a method of qualifying a 
thermostatto activate an away-state feature may be presented. 
The method may include receiving readings from at least one 
occupancy sensor during a trial period, where the at least one 
occupancy sensor can be in operative communication with a 
processing system. In one embodiment, the processing sys 
tem is disposed within a thermostat housing and coupled to a 
user interface, the processing system being configured to be 
in operative communication with one or more temperature 
sensors for determining an ambient air temperature, in opera 
tive communication with one or more input devices including 
the user interface for determining a setpoint temperature 
value, and in still further operative communication with a 
heating, ventilation, and air conditioning (HVAC) system to 
control the HVAC system based at least in part on a compari 
Son of a measured ambient temperature and the setpoint tem 
perature value. 
0011. The method may also include comparing informa 
tion derived from the trial period readings to threshold crite 
rion to establish whether sufficiently true indications of occu 
pancy conditions were sensed by the at least one occupancy 
sensor during the trial period. The method may additionally 
include determining automatically, without requiring user 
input, whether to activate the away-state feature for an enclo 
sure in which the thermostat has been installed. In one 
embodiment, the away-state feature causes the thermostat to 
enter into an away-state mode of operation upon a determi 
nation by the processing system based on the readings 
acquired by the at least one occupancy sensor that an away 
state criterion indicative of a non-occupancy condition for the 
enclosure in which the thermostat has been installed has been 
satisfied, where the away-state mode of operation may 
include an automated setpoint temperature setback mode. 
The method may further include enabling the away-state 
feature of the thermostat only if it is determined that the 
Sufficiently true indications of occupancy conditions were 
sensed during the trial period. 
0012. In yet another embodiment, another thermostat may 
be presented. The thermostat may include a housing and an 
occupancy sensor that is disposed within the housing and 
configured to detect physical presences of users within a 
responsive area of the occupancy sensor. The thermostat may 
also include a processing system that is disposed within the 
housing and in operative communication with the occupancy 
sensor, the processing system being configured to determine 
after a trial period whether to activate an away-state feature. 
This determination may include storing indications of how 
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often the occupancy sensor detected physical presences of 
users during the trial period; computing an occupancy level 
for the trial period based on the stored indications; comparing 
the occupancy level to a threshold criterion; determining 
whether Sufficiently true indications of occupancy conditions 
were sensed by the occupancy sensor during the trial period 
based on the comparison; and enabling the away-state feature 
of the thermostat only if it is determined that the sufficiently 
true indications of occupancy conditions were sensed during 
the trial period. 
0013. A further understanding of the nature and advan 
tages of the present invention may be realized by reference to 
the remaining portions of the specification and the drawings. 
Also note that other embodiments may be described in the 
following disclosure and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 illustrates a perspective view of a thermostat, 
according to one embodiment. 
0015 FIG. 2 illustrates an exploded perspective view of a 
thermostat having a head unit and the backplate, according to 
one embodiment. 
0016 FIG. 3A illustrates an exploded perspective view of 
ahead unit with respect to its primary components, according 
to one embodiment. 
(0017 FIG. 3B illustrates an exploded perspective view of 
a backplate with respect to its primary components, according 
to one embodiment. 
(0018 FIG. 4A illustrates a simplified functional block 
diagram for a head unit, according to one embodiment. 
0019 FIG. 4B illustrates a simplified functional block dia 
gram for a backplate, according to one embodiment. 
0020 FIG. 5 illustrates a simplified circuit diagram of a 
system for managing the power consumed by a thermostat, 
according to one embodiment. 
0021 FIG. 6A illustrates an overhead view of an area 
monitored by a thermostat, according to one embodiment. 
0022 FIG. 6B illustrates an overhead view of another area 
monitored by a thermostat, according to one embodiment. 
0023 FIG. 7 illustrates a state diagram for determining 
whether sufficient sensor confidence can be established for 
enabling and away-state feature, according to one embodi 
ment. 

0024 FIG. 8 illustrates a graph of various sensors 
responses during a trial period, according to one embodiment. 
0025 FIG. 9 illustrates a graph depicting one method of 
storing occupancy sensor measurements, according to one 
embodiment. 
0026 FIG.10 illustrates a graph depicting storage of occu 
pancy sensor measurements during the trial period. 
0027 FIG. 11 illustrates a representation of occupancy 
levels for each day in one week, according to one embodi 
ment. 

0028 FIG. 12 illustrates a flowchart of a method for deter 
mining whether an away-state feature should be enabled, 
according to one embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

0029. The subject matter of this patent specification fur 
ther relates to the subject matter of the following commonly 
assigned applications, each of which is incorporated by ref 
erence herein: U.S. Ser. No. 13/269,501 filed Oct. 7, 2011; 
International Application PCT/US 12/00007 filed Jan. 3, 
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2012; U.S. Ser. No. 13/632,070 (Attorney Docket NES0234 
US) filed even date herewith and entitled, “Automated Pres 
ence Detection and Presence-Related Control Within An 
Intelligent Controller” and U.S. Ser. No. 13/632,112 (Attor 
ney Docket NESO157-US) filed even date herewith and 
entitled, “Adjusting Proximity Thresholds for Activating a 
Device User Interface.” The above-referenced patent appli 
cations are collectively referenced herein as “the commonly 
assigned incorporated applications.” 
0030. In the following detailed description, for purposes 
of explanation, numerous specific details are set forth to pro 
Videa thorough understanding of the various embodiments of 
the present invention. Those of ordinary skill in the art will 
realize that these various embodiments of the present inven 
tion are illustrative only and are not intended to be limiting in 
any way. Other embodiments of the present invention will 
readily suggest themselves to such skilled persons having the 
benefit of this disclosure. 
0031. In addition, for clarity purposes, not all of the rou 
tine features of the embodiments described herein are shown 
or described. One of ordinary skill in the art would readily 
appreciate that in the development of any such actual embodi 
ment, numerous embodiment-specific decisions may be 
required to achieve specific design objectives. These design 
objectives will vary from one embodiment to another and 
from one developer to another. Moreover, it will be appreci 
ated that such a development effort might be complex and 
time-consuming but would nevertheless be a routine engi 
neering undertaking for those of ordinary skill in the art 
having the benefit of this disclosure. 
0032. It is to be appreciated that while one or more 
embodiments are described further herein in the context of 
typical HVAC system used in a residential home, such as 
single-family residential home, the scope of the present 
teachings is not so limited. More generally, thermostats 
according to one or more of the preferred embodiments are 
applicable for a wide variety of enclosures having one or more 
HVAC systems including, without limitation, duplexes, 
townhomes, multi-unit apartment buildings, hotels, retail 
stores, office buildings, and industrial buildings. Further, it is 
to be appreciated that while the terms user, customer, 
installer, homeowner, occupant, guest, tenant, landlord, 
repair person, and/or the like may be used to refer to the 
person or persons who are interacting with the thermostat or 
other device or user interface in the context of one or more 
scenarios described herein, these references are by no means 
to be considered as limiting the scope of the present teachings 
with respect to the person or persons who are performing Such 
actions. 

Exemplary Thermostat Embodiments 
0033 Provided according to one or more embodiments are 
systems, methods, and computer program products for con 
trolling one or more HVAC systems based on one or more 
versatile sensing and control units (VSCU units), eachVSCU 
unit being configured and adapted to provide Sophisticated, 
customized, energy-saving HVAC control functionality while 
at the same time being visually appealing, non-intimidating, 
and easy to use. A VSCU may also be referred to herein 
simply as a “control unit.” The term “thermostat is used 
herein below to represent a particular type of control unit that 
is particularly applicable for HVAC control in an enclosure. 
Although “thermostat” and “control unit may be seen as 
generally interchangeable for the contexts of HVAC control 
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of an enclosure, it is within the scope of the present teachings 
for each of the embodiments herein to be applied to control 
units having control functionality over measurable character 
istics other than temperature (e.g., pressure, flow rate, height, 
position, Velocity, acceleration, capacity, power, loudness, 
brightness) for any of a variety of different control systems 
involving the governance of one or more measurable charac 
teristics of one or more physical systems, and/or the gover 
nance of other energy or resource consuming systems such as 
water usage systems, air usage systems, systems involving 
the usage of other natural resources, and systems involving 
the usage of various other forms of energy. 
0034 FIGS. 1-5 and the descriptions in relation thereto 
provide exemplary embodiments of thermostat hardware 
and/or software that can be used to implement the specific 
embodiments of the appended claims. This thermostat hard 
ware and/or software is not meant to be limiting, and is 
presented to provide an enabling disclosure. FIG. 1 illustrates 
a perspective view of a thermostat 100, according to one 
embodiment. In this specific embodiment, the thermostat 100 
can be controlled by at least two types of user input, the first 
being a rotation of the outer ring 112, and the second being an 
inward push on an outer cap 108 until an audible and/or tactile 
"click” occurs. As used herein, these two types of user inputs, 
may be referred to as “manipulating the thermostat. In other 
embodiments, manipulating the thermostat may also include 
pressing keys on a keypad, Voice recognition commands, 
and/or any other type of input that can be used to change or 
adjust settings on the thermostat 100. 
0035. For this embodiment, the outer cap 108 can com 
prise an assembly that includes the outer ring 112, a cover 
114, an electronic display 116, and a metallic portion 124. 
Each of these elements, or the combination of these elements, 
may be referred to as a “housing for the thermostat 100. 
Simultaneously, each of these elements, or the combination 
of these elements, may also form a user interface. The user 
interface may specifically include the electronic display 116. 
In FIG. 1, the user interface 116 may be said to operate in an 
active display mode. The active display mode may include 
providing a backlight for the electronic display 116. In other 
embodiments, the active display mode may increase the 
intensity and/or light output of the electronic display 116 such 
that a user can easily see displayed settings of the thermostat 
100. Such as a current temperature, a setpoint temperature, an 
HVAC function, and/or the like. The active display mode may 
be contrasted with an inactive display mode (not shown). The 
inactive display mode can disable a backlight, reduce the 
amount of information displayed, lessen the intensity of the 
display, and/or altogether turn off the electronic display 116, 
depending on the embodiment. 
0036) Depending on the settings of the thermostat 100, the 
active display mode and the inactive display mode of the 
electronic display 116 may also or instead be characterized by 
the relative power usage of each mode. In one embodiment, 
the active display mode may generally require Substantially 
more electrical power than the inactive display mode. In some 
embodiments, different operating modes of the electronic 
display 116 may instead be characterized completely by their 
power usage. In these embodiments, the different operating 
modes of the electronic display 116 may be referred to as a 
first mode and a second mode, where the user interface 
requires more power when operating in the first mode than 
when operating in the second mode. 
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0037 According to some embodiments the electronic dis 
play 116 may comprise a dot-matrix layout (individually 
addressable) Such that arbitrary shapes can be generated, 
rather than being a segmented layout. According to some 
embodiments, a combination of dot-matrix layout and seg 
mented layout is employed. According to Some embodi 
ments, electronic display 116 may be a backlit color liquid 
crystal display (LCD). An example of information displayed 
on the electronic display 116 is illustrated in FIG. 1, and 
includes central numerals 120 that are representative of a 
current setpoint temperature. According to some embodi 
ments, metallic portion 124 can have a number of slot-like 
openings so as to facilitate the use of a sensors 130, Such as a 
passive infrared motion sensor (PIR), mounted beneath the 
slot-like openings. 
0038 According to some embodiments, the thermostat 
100 can include additional components, such as a processing 
system 160, display driver 164, and a wireless communica 
tions system 166. The processing system 160 can adapted or 
configured to cause the display driver 164 to cause the elec 
tronic display 116 to display information to the user. The 
processing system 160 can also be configured to receive user 
input via the rotatable ring 112. These additional compo 
nents, including the processing system 160, can be enclosed 
within the housing, as displayed in FIG. 1. These additional 
components are described in further detail herein below. 
0039. The processing system 160, according to some 
embodiments, is capable of carrying out the governance of 
the thermostat's operation. For example, processing system 
160 can be further programmed and/or configured to maintain 
and update a thermodynamic model for the enclosure in 
which the HVAC system is installed. According to some 
embodiments, the wireless communications system 166 can 
be used to communicate with devices such as personal com 
puters, remote servers, handheld devices, Smartphones, and/ 
or other thermostats or HVAC system components. These 
communications can be peer-to-peer communications, com 
munications through one or more servers located on a private 
network, or and/or communications through a cloud-based 
service. 

0040 Motion sensing as well as other techniques can be 
use used in the detection and/or prediction of occupancy, as is 
described further in the commonly assigned U.S. Ser. No. 
12/881,430, Supra. According to Some embodiments, occu 
pancy information can be a used in generating an effective 
and efficient scheduled program. For example, an active proX 
imity sensor 170A can be provided to detect an approaching 
user by infrared light reflection, and an ambient light sensor 
170B can be provided to sense visible light. The proximity 
sensor 170A can be used in conjunction with a plurality of 
other sensors to detect proximity in the range of about one 
meter so that the thermostat 100 can initiate “waking up' 
when the user is approaching the thermostat and prior to the 
user touching the thermostat. Such use of proximity sensingis 
useful for enhancing the user experience by being “ready” for 
interaction as soon as, or very soon after the user is ready to 
interact with the thermostat. Further, the wake-up-on-prox 
imity functionality also allows for energy savings within the 
thermostat by 'sleeping when no user interaction is taking 
place or about to take place. The various types of sensors that 
may be used, as well as the operation of the “wake up' 
function are described in much greater detail throughout the 
remainder of this disclosure. 
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0041. In some embodiments, the thermostat can be physi 
cally and/or functionally divided into at least two different 
units. Throughout this disclosure, these two units can be 
referred to as a head unit and a backplate. FIG. 2 illustrates an 
exploded perspective view 200 of a thermostat 208 having a 
head unit 210 and a backplate 212, according to one embodi 
ment. Physically, this arrangement may be advantageous dur 
ing an installation process. In this embodiment, the backplate 
212 can first be attached to a wall, and the HVAC wires can be 
attached to a plurality of HVAC connectors on the backplate 
212. Next, the head unit 210 can be connected to the backplate 
212 in order to complete the installation of the thermostat 
208. 

0042 FIG. 3A illustrates an exploded perspective view 
300a of a head unit 330 with respect to its primary compo 
nents, according to one embodiment. Here, the head unit 330 
may include an electronic display 360. According to this 
embodiment, the electronic display 360 may comprise an 
LCD module. Furthermore, the head unit 330 may include a 
mounting assembly 350 used to secure the primary compo 
nents in a completely assembled head unit 330. The head unit 
330 may further include a circuit board 340 that can be used 
to integrate various electronic components described further 
below. In this particular embodiment, the circuit board 340 of 
the head unit 330 can include a manipulation sensor 342 to 
detect user manipulations of the thermostat. In embodiments 
using a rotatable ring, the manipulation sensor 342 may com 
prise an optical finger navigation module as illustrated in FIG. 
3A. A rechargeable battery 344 may also be included in the 
assembly of the head unit 330. In one preferred embodiment, 
rechargeable battery 344 can be a Lithium-Ion battery, which 
may have a nominal Voltage of 3.7 Volts and a nominal capac 
ity of 560 mAh. 
0043 FIG. 3B illustrates an exploded perspective view 
300b of a backplate 332 with respect to its primary compo 
nents, according to one embodiment. The backplate 332 may 
include a frame 310 that can be used to mount, protect, or 
house a backplate circuit board 320. The backplate circuit 
board 320 may be used to mount electronic components, 
including one or more processing functions, and/or one or 
more HVAC wire connectors 322. The one or more HVAC 
wire connectors 322 may include integrated wire insertion 
sensing circuitry configured to determine whether or not a 
wire is mechanically and/or electrically connected to each of 
the one or more HVAC wire connectors 322. In this particular 
embodiment, two relatively large capacitors 324 are a part of 
power stealing circuitry that can be mounted to the backplate 
circuit board 320. The power stealing circuitry is discussed 
further herein below. 

0044. In addition to physical divisions within the thermo 
stat that simplify installation process, the thermostat may also 
be divided functionally between the head unit and the back 
plate. FIG. 4A illustrates a simplified functional block dia 
gram 400a for a head unit, according to one embodiment. The 
functions embodied by block diagram 400a are largely self 
explanatory, and may be implemented using one or more 
processing functions. As used herein, the term “processing 
function” may refer to any combination of hardware and/or 
Software. For example, a processing function may include a 
microprocessor, a microcontroller, distributed processors, a 
lookup table, digital logic, logical/arithmetic functions 
implemented in analog circuitry, and/or the like. A processing 
function may also be referred to as a processing system, a 
processing circuit, or simply a circuit. 
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0045. In this embodiment, a processing function on the 
head unit may be implemented by an ARM processor. The 
head unit processing function may interface with the elec 
tronic display 402, an audio system 404, and a manipulation 
sensor 406 as a part of a user interface 408. The head unit 
processing function may also facilitate wireless communica 
tions 410 by interfacing with various wireless modules, such 
as a Wi-Fi module 412 and/or a ZigBee module 414. Further 
more, the head unit processing function may be configured to 
control the core thermostat operations 416. Such as operating 
the HVAC system. The head unit processing function may 
further be configured to determine or sense occupancy 418 of 
a physical location, and to determine building characteristics 
420 that can be used to determine time-to-temperature char 
acteristics. Using the occupancy sensing 418, the processing 
function on the head unit may also be configured to learn and 
manage operational Schedules 422. Such as diurnal heat and 
cooling schedules. A power management module 462 may be 
used to interface with a corresponding power management 
module on the back plate, the rechargeable battery, and a 
power control circuit 464 on the back plate. 
0046 Additionally, the head unit processing function may 
include and/or be communicatively coupled to one or more 
memories. The one or more memories may include one or 
more sets of instructions that cause the processing function to 
operate as described above. The one or more memories may 
also include a sensor history and global state objects 424. The 
one or more memories may be integrated with the processing 
function, such as a flash memory or RAM memory available 
on many commercial microprocessors. The head unit pro 
cessing function may also be configured to interface with a 
cloud management system 426, and may also operate to con 
serve energy wherever appropriate 428. An interface 432 to a 
backplate processing function 430 may also be included, and 
may be implemented using a hardware connector. 
0047 FIG. 4B illustrates a simplified functional block dia 
gram for a backplate, according to one embodiment. Using an 
interface 436 that is matched to the interface 432 shown in 
FIG. 4A, the backplate processing function can communicate 
with the head unit processing function 438. The backplate 
processing function can include wire insertion sensing 440 
that is coupled to external circuitry 442 configured to provide 
signals based on different wire connection states. The back 
plate processing function may be configured to manage the 
HVAC switch actuation 444 by driving power FET circuitry 
446 to control the HVAC system. 
0048. The backplate processing function may also include 
a sensor polling interface 448 to interface with a plurality of 
sensors. In this particular embodiment, the plurality of sen 
sors may include a temperature sensor, a humidity sensor, a 
PIR sensor, a proximity sensor, an ambient light sensor, and 
or other sensors not specifically listed. This list is not meant to 
be exhaustive. Other types of sensors may be used depending 
on the particular embodiment and application, Such as Sound 
sensors, flame sensors, Smoke detectors, and/or the like. The 
sensor polling interface 448 may be communicatively 
coupled to a sensor reading memory 450. The sensor reading 
memory 450 can store sensor readings and may be located 
internally or externally to a microcontroller or microproces 
SO 

0049 Finally, the backplate processing function can 
include a power management unit 460 that is used to control 
various digital and/or analog components integrated with the 
backplate and used to manage the power system of the ther 
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mostat. Although one having skill in the art will recognize 
many different implementations of a power management sys 
tem, the power management system of this particular embodi 
ment can include a bootstrap regulator 462, a power stealing 
circuit 464, a buck converter 466, and/or a battery controller 
468. 

0050 FIG. 5 illustrates a simplified circuit diagram 500 of 
a system for managing the power consumed by a thermostat, 
according to one embodiment. The powering circuitry 510 
comprises a full-wave bridge rectifier 520, a storage and 
waveform-Smoothing bridge output capacitor 522 (which can 
be, for example, on the order of 30 microfarads), a buck 
regulator circuit 524, a power-and-battery (PAB) regulation 
circuit 528, and a rechargeable lithium-ion battery 530. In 
conjunction with other control circuitry including backplate 
power management circuitry 527, head unit power manage 
ment circuitry 529, and the microcontroller 508, the powering 
circuitry 510 can be configured and adapted to have the char 
acteristics and functionality described herein below. Descrip 
tion of further details of the powering circuitry 510 and asso 
ciated components can be found elsewhere in the instant 
disclosure and/or in the commonly assigned U.S. Ser. No. 
13/034,678, supra, and U.S. Ser. No. 13/267,871, supra. 
0051. By virtue of the configuration illustrated in FIG. 5, 
when there is a “C” wire presented upon installation, the 
powering circuitry 510 operates as a relatively high-powered, 
rechargeable-battery-assisted AC-to-DC converting power 
supply. When there is not a “C” wire presented, the powering 
circuitry 510 operates as a power-stealing, rechargeable-bat 
tery-assisted AC-to-DC converting power Supply. The pow 
ering circuitry 510 generally serves to provide the voltage 
Vcc MAIN that is used by the various electrical components 
of the thermostat, which in one embodiment can be about 4.0 
volts. For the case in which the “C” wire is present, there is no 
need to worry about accidentally tripping (as there is in inac 
tive power stealing) or untripping (for active power stealing) 
an HVAC call relay, and therefore relatively large amounts of 
power can be assumed to be available. Generally, the power 
supplied by the “C” wire will be greater than the instanta 
neous power required at any time by the remaining circuits in 
the thermostat. 

0052. However, a “C” wire will typically only be present 
in about 20% of homes. Therefore, the powering circuitry 510 
may also be configured to “steal power from one of the other 
HVAC wires in the absence of a “C” wire. As used herein, 
“inactive power stealing refers to the power stealing that is 
performed during periods in which there is no active call in 
place based on the lead from which power is being stolen. 
Thus, for cases where it is the “Y” lead from which power is 
stolen, “inactive power stealing” refers to the power stealing 
that is performed when there is no active cooling call in place. 
As used herein, “active power stealing refers to the power 
stealing that is performed during periods in which there is an 
active call in place based on the lead from which power is 
being stolen. Thus, for cases where it is the “Y” lead from 
which power is stolen, “active power stealing” refers to the 
power stealing that is performed when there is an active 
cooling call in place. During inactive or active power stealing, 
power can be stolen from a selected one of the available call 
relay wires. While a complete description of the power steal 
ing circuitry 510 can be found in the commonly assigned 
applications that have been previously incorporated herein by 
reference, the following brief explanation is sufficient for 
purposes of this disclosure. 
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0053 Some components in the thermostat, such as the 
head unit processing function, the user interface, and/or the 
electronic display may consume more instantaneous power 
than can be provided by power stealing alone. When these 
more power-hungry components are actively operating, the 
power Supplied by power stealing can be supplemented with 
the rechargeable battery 530. In other words, when the ther 
mostat is engaged in operations, such as when the electronic 
display is in an active display mode, power may be supplied 
by both power stealing and the rechargeable battery 530. In 
order to preserve the power stored in the rechargeable battery 
530, and to give the rechargeable battery 530 an opportunity 
to recharge, Some embodiments optimize the amount of time 
that the head unit processing function and the electronic dis 
play are operating in an active mode. In other words, it may be 
advantageous in Some embodiments to keep the head unit 
processing function in a sleep mode or low power mode and 
to keep the electronic display in an inactive display mode as 
long as possible without affecting the user experience. 
0054 When the head unit processing function and the 
electronic display are in an inactive or sleep mode, the power 
consumed by the thermostat is generally less than the power 
provided by power stealing. Therefore, the power that is not 
consumed by the thermostat can be used to recharge the 
rechargeable battery 530. In this embodiment, the backplate 
processing function 508 (MSP430) can be configured to 
monitor the environmental sensors in a low-power mode, and 
then wake the head unit processing function 532 (AM3703) 
when needed to control the HVAC system, etc. Similarly, the 
backplate processing function 508 can be used to monitor 
sensors used to detect the closeness of a user, and wake the 
head unit processing system 532 and/or the electronic display 
when it is determined that a user intends to interface with the 
thermostat. 

0055. It will be understood by one having skill in the art 
that the various thermostat embodiments depicted and 
described in relation to FIGS. 1-5 are merely exemplary and 
not meant to be limiting. Many other hardware and/or soft 
ware configurations may be used to implement a thermostat 
and the various functions described herein below. These 
embodiments should be seen as an exemplary platform in 
which the following embodiments can be implemented to 
provide an enabling disclosure. Of course, the following 
methods, systems, and/or software program products could 
also be implemented using different types of thermostats, 
different hardware, and/or different software. 

Enabling an Away-State Feature 

0056. In modern network-enabled homes, many different 
types of devices can be used to control various aspects of the 
homes environment, including air temperature, humidity, fan 
speed, music, television, appliances, and/or the like. Many 
embodiments of the present invention enable these devices to 
be configured to operate in one mode when the home is 
occupied and to operate in a second mode when the home is 
unoccupied. For example, when the home is occupied, 
devices can be configured to activate user interfaces, maintain 
certain levels oftemperature and/or humidity, provide prede 
termined volume levels, and detect user movements for 
recording and determining user profiles. On the other hand, 
when the home is unoccupied, devices can be configured to 
turn off user interfaces, conserve power by altering normal 
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levels of temperature and humidity, turn off appliances, and 
otherwise reduce the power usage of the home when no one is 
there. 

0057 Users may find it inconvenient to manually program 
devices according to their home and away schedules. Users 
may also simply forget to change settings on control devices 
in their homes before they leave, causing the control devices 
to operate in the user's absence as though they were home. 
Alternatively, users may simply forget to change settings on 
control devices when they arrive home, causing uncomfort 
able living conditions and general dissatisfaction with the 
control devices. Therefore, embodiments described herein 
provide methods and systems designed to enable an away 
state feature that automatically changes the operating mode 
of a control device when it is determined that an enclosure in 
which the control device is installed is no longer occupied. 
0.058 Some embodiments may use occupancy sensors 
associated with a control device to determine whether an 
enclosure is occupied or not. As used herein, the term “occu 
pancy sensor may include any sensor configured to deter 
mine whether an enclosure is physically occupied. In one 
embodiment, an occupancy sensor may include a Passive 
Infrared sensor (PIR). In another embodiment, an occupancy 
sensor may include a sensor configured to emit electromag 
netic radiation and to receive reflections of electromagnetic 
radiation. In yet another embodiment, an occupancy sensor 
may include a near-range PIR. Other examples of occupancy 
sensors may include microphones, CCD cameras, magnetic 
switches, microwave systems, and/or the like. 
0059 An enclosure occupancy state can be continuously 
and automatically sensed using the occupancy sensors, the 
currently sensed State being classified as occupied (or "home’ 
or “activity sensed') or unoccupied (or “away” or “inactive”). 
If the currently sensed occupancy state has been “inactive' 
for a predetermined minimum interval, termed herein an 
away-state confidence window (ASCW), then an away-state 
mode of operation can be triggered in which an actual oper 
ating setpoint is changed to a predetermined energy-saving 
away-state value, regardless of a setpoint value indicated by 
the normal control settings and/or schedule. The purpose of 
the away-state mode of operation is to avoid unnecessarily 
using energy when there are no occupants present to actually 
experience or enjoy the comfort of the enclosure. 
0060. When the specific control device comprises a ther 
mostat, the away-state value may comprise a temperature, 
and may be set, by way of example, to a default predetermined 
value of 62 degrees for winter periods (or outside tempera 
tures that would call for heating) and 84 degrees for Summer 
periods (or outside temperatures that would call for cooling). 
Specific details of the away-state feature can also be found in 
U.S. Provisional Application No. 61/627,996 filed Oct. 21, 
2011 that was previously incorporated herein by reference. 
0061 The away-state confidence window (ASCW) corre 
sponds to a time interval of sensed non-occupancy after 
which a reasonably reliable operating assumption can be 
made, with a reasonable degree of statistical accuracy, that 
there are indeed no occupants in the enclosure. According to 
one embodiment, it has been found that a predetermined 
period in the range of 90-180 minutes can be a suitable period 
for the ASCW to accommodate for common situations such 
as quiet book reading, working in the yard, short naps, etc. in 
which there is no sensed movement or related indication for 
the occupancy sensors to detect. 
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0062. The effectiveness of the away-state feature may in 
part depend upon how reliably the control unit can determine 
whether or not the enclosure is occupied. In one sense, this 
reliability may depend in part on the reliability of the occu 
pancy sensors to detect a physical presence within a respon 
sive area of the occupancy sensors. In another sense, this 
reliability may also depend in part on where the control unit 
has been placed in the enclosure, as well as the living patterns 
of the inhabitants. For example, a control unit may be placed 
in an area of an enclosure where is not easy for the occupancy 
sensors to detect whether someone is in the home or not, Such 
as in a closet, a rarely-used hallway, a basement, or even in a 
high-traffic location that is obscured by other household 
objects. Of course, it is difficult for the control unit itself to 
determine whether it is located in one of these non-ideal areas 
of an enclosure. It may also be difficult rely on deliberate user 
inputs (i.e. user-entered location information) to make this 
determination, as users may enter this data incorrectly ifatall. 
0063. Therefore, in order to efficiently and correctly use 
an away-state feature, a control unit may make a determina 
tion as to a level of “sensor confidence' before it relies on the 
occupancy sensors to enable the away-state feature. Specifi 
cally, some embodiments herein may not enable the away 
state feature upon installation. Instead, these embodiments 
may evaluate sensor responses during a trial period in order to 
establish a level of sensor confidence. If the level of sensor 
confidence is Sufficient, and exceeds a predetermined thresh 
old, the away-state feature can be enabled. Otherwise, to 
avoid creating an uncomfortable environment within an occu 
pied enclosure, the away-state feature can remain disabled 
until such a level of sensor confidence is established. 

0064. According to one embodiment, sensor confidence 
can be established by monitoring the readings from one or 
more occupancy sensors, and determining whether they have 
detected a threshold level of occupancy events. Simply, if the 
occupancy sensors detect a physical presence within their 
responsive areas during a large portion of the operating time, 
it can be assumed that the control unit is disposed at a location 
within the enclosure that can reliably detect whether the 
enclosure is occupied or not. In this case, a high level of 
sensor confidence can be assumed, such that the occupancy 
sensors can be relied upon to determine when the away-state 
feature should be activated. On the other hand, if the occu 
pancy sensors only detect a physical presence within their 
responsive areas during a relatively small portion of the oper 
ating time, it can be assumed that the control unit is disposed 
at a location within the enclosure that cannot reliably detect 
whether the enclosure is occupied or not. In this case, only a 
low level of sensor confidence can be assumed, and thus the 
occupancy sensors may not necessarily be relied upon to 
determine when the away-state feature should be activated. In 
one embodiment, the away-state feature will not be enabled 
unless a requisite level of sensor confidence is established. 
0065. As various methods and systems for determining 
whether the away-state features can be enabled, it will be 
understood that the ensuing discussion can apply to any con 
trol unitas described above. However, throughout the remain 
der of this disclosure a specific type of implementation will be 
used, namely a thermostat. It will be understood that the 
principles described using thermostathardware and Software 
can be easily applied to other control units by one having skill 
in the art in light of this disclosure. 
0066 Specific to a thermostat, the away-state feature can 
be used to determine when a home is unoccupied, and in 
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response, to activate an automated setpoint temperature set 
back mode where a predetermined setpoint temperature is set 
on the thermostat. For example, for an unoccupied home in 
the Summertime, the setpoint temperature may be higher than 
the setpoint temperature would otherwise be in an occupied 
home. Likewise, for an unoccupied home in the wintertime, 
the setpoint temperature may be lower than the setpoint tem 
perature would otherwise be in an occupied home. It will be 
understood that various permutations of these conditions may 
apply depending on the climate and user preferences. 
0067 Provided according to one preferred embodiment is 
a self-qualification algorithm by which the thermostat deter 
mines whetherit can, or cannot, reliably go into an away-state 
mode to save energy, i.e., whether it has “sensor confidence' 
for its occupancy sensor measurements. For one preferred 
embodiment, the away-state feature is disabled for a prede 
termined period Such as 7 days after device startup (i.e., initial 
installation or factory reset). On the days following startup 
within the predetermined time period (or another empirically 
predetermined Suitable sample time period), the occupancy 
sensor activity can be tracked by discrete sequential "time 
buckets of activity, such as 5-minute buckets, where a bucket 
is either empty (if no occupancy event is sensed in that inter 
val) or full (if one or more occupancy events is sensed in that 
interval). Out of the total number of buckets for that time 
period, if there is greater than a predetermined threshold 
percentage of buckets that are full, then “sensor confidence' 
is established, and if there is less than that percentage of full 
buckets, then there is no sensor confidence established. The 
predetermined threshold can be empirically determined for a 
particular model, version, or setting of the thermostat. In one 
example, it has been found that 3.5% is a suitable threshold, 
i.e., if there are 30 or more full buckets for the three-day 
sample, then “sensor confidence' is established, although this 
will vary for different devices, models, and settings. 
0068 FIG. 6A illustrates an overhead view 600a of an area 
monitored by a thermostat 602, according to one embodi 
ment. The area monitored by the thermostat 602 may com 
prise a room within a building, a hallway, an open living area, 
and/or the like. The temperature sensors of thermostat 602 
may be configured to detect the ambient temperature of the 
area being monitored. As illustrated by FIG. 6, various sen 
sors of the thermostat 602 may have different responsive 
areas. For example, an occupancy sensor may include a 
responsive area 604 denoted by the set of dashed lines. As 
used herein, the term “responsive area' may include an area in 
which a phenomenon that a sensor is configured to detect will 
generate a response by the sensor. For example, a motion 
detector associated with responsive area 604 could detect 
motion within the responsive area 604 of an object meeting 
the specifications of the motion detector. It should be noted 
that some objects may not meet the specifications of the 
motion detector. Such as stationary objects, objects that do not 
emit a sufficient level of infrared radiation, or smaller objects 
Such as pets. 
0069 Merely generating a response from a sensor may not 
be sufficient to infer that a physical presence is detected. The 
actual response generated by a sensor when an event occurs 
within its associated responsive area will in many cases be 
dependent on the intensity of the event or the distance of the 
event from the thermostat. For example, if an event occurs 
along the periphery of the associated responsive area, the 
response of the sensor may be small. However, if an event 
occurs closer to the thermostat, the response of the sensor 
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may be larger. Therefore, Some embodiments may determine 
a threshold for a sensor response in order to qualify as a 
physical presence. 
0070 Generally, a threshold can correspond to a voltage/ 
current output, a digital readout, the frequency, or other simi 
lar electrical output of a sensor. The threshold may corre 
spond to a certain distance. Such as distance 608 for an event 
having a known intensity. For example, a user approaching 
the thermostat 602 with a PIR sensor associated with respon 
sive area 604 could trip a threshold when coming within 
distance 608 of the thermostat 602. Larger persons or persons 
moving rapidly may trip the threshold nearer or farther than 
distance 608 at the same threshold. It should be noted, that in 
one embodiment, no threshold need be used, and any activity 
registered by the occupancy sensor may be sufficient to infer 
a physical presence. 
(0071. The overhead view 600a illustrated by FIG. 6A 
shows an example of a thermostat 602 that is installed in a 
location where a high level of sensor confidence may be 
established. This may correspond to a living room, a kitchen, 
or a busy hallway. In contrast, FIG. 6B illustrates an overhead 
view 600b of another area monitored by thermostat. In this 
embodiment, the thermostat 602 is installed in a location that 
may not see enough user traffic to establisha high level of user 
confidence. The responsive area 604 of the occupancy sensor 
may be targeted in a direction that will not capture the physi 
cal presence of occupants of the home very often. Addition 
ally, obstacles, such as a plant 610 may it secure the view of 
the thermostat 602. Finally, the thermostat 602 may be 
installed in an enclosure inside the home. Such as a closet or 
nook. Any or all of these factors may reduce the level of 
sensor confidence Such that the away-state feature should not 
be enabled. 

0072. In order to determine whether the thermostat 602 is 
installed in a high-confidence location Such as is shown in 
FIG. 6A, various evaluation methods may be used. FIG. 7 
illustrates a state diagram 700 for determining whether suffi 
cient sensor confidence can be established for enabling and 
away-state feature, according to one embodiment. Here, a 
trial period can be used to train the thermostat. During the trial 
period, occupancy sensor readings may be recorded and 
evaluated. At the end of the trial period, the occupancy sensor 
readings can be analyzed to determine whether a threshold 
criterion has been met, and if so, the away-state feature can be 
enabled. 
0073. The operations in state diagram 700 begin when the 
thermostatis installed, reset, or otherwise caused to default to 
a set of factory settings. At this point, the thermostat may 
enter into a training state 702. The thermostat may stay in the 
training state 702 throughout the trial period. While in the 
training state 702, the thermostat may record any and all 
measurements provided by one or more occupancy sensors. 
In one embodiment, the occupancy sensor measurements can 
be time stamped and/or recorded based on a portion of the 
trial period in which they occurred. 
0074 At the end of the trial period, the thermostat may 
enter an evaluation state 704 where it can be determined 
whether a threshold criterion has been met. In one embodi 
ment, the thermostat can use the comparison to the threshold 
criterion to establish whether sufficiently true indications of 
occupancy conditions were sensed by the occupancy sensors 
during the trial period. In other words, the thermostat can 
analyze all of the occupancy sensor responses that were 
recorded during the trial period, and can then determine 
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whether there were enough occupancy sensor responses to 
characterize the responses as true indications of occupancy. 
In one embodiment, too few occupancy sensorresponses may 
indicate that the thermostat is not truly sensing the occupancy 
of the enclosure because it may be assumed that if placed in a 
better location the thermostat would receive more occupancy 
sensor responses. On the other hand, Sufficient occupancy 
sensor responses may be characterized as a true indication 
that the thermostat can correctly determine the occupancy of 
the enclosure. 

0075. If the threshold criterion is met, then the thermostat 
can move into an enabled state 706 where the away-state 
feature is enabled. Afterwards, when the thermostat detects 
that the enclosure is no longer occupied, the thermostat may 
enter into and away-state mode of operation 708. This deter 
mination may be made by a processing system based on 
readings acquired by the occupancy sensors, and the away 
state mode of operation may include an automated setback 
temperature setback mode. In one embodiment, the away 
state feature may be enabled throughout the remaining Ser 
vice period of the thermostat, or until it is installed in a new 
location, reset, or loses power. 
0076. In another embodiment (not shown) certain condi 
tions may exist wherein the thermostat can disable the away 
state feature. For example, after the away-state feature is 
enabled, the thermostat can return to the training state 702 if 
long periods of non-occupancy are detected. After the trial 
period ends again, the thermostat could again determine 
whether the threshold criterion is met and whether the away 
state feature should be disabled or continue to be enabled. In 
Some embodiments, the training period may be re-entered and 
repeated in perpetuity throughout the life of the thermostat. 
0077. In one embodiment, the trial period may be repeated 
only a few times after installation. In some cases, users may 
interact with thermostat more thanusual in the weeks follow 
ing installation in order to make Sure that it is working prop 
erly, or to fine tune the user-adjustable features. Therefore, 
occupancy sensor readings during the weeks immediately 
following installation may not be truly indicative of the real 
level of sensor confidence throughout the lifetime of the ther 
mostat. In order to solve this problem, the trial period may be 
repeated one or more times after installation. For example, the 
trial period may be repeated one, two, three, four, five or, six 
times, and so forth, depending upon the embodiment in par 
ticular installation characteristics. 

(0078 Returning now to FIG. 7, if while in the evaluation 
state 704 and the thermostat determines that the threshold 
criterion is not met or satisfied, then the thermostat may return 
to the training state 702 and repeat the trial period. In one 
embodiment, the trial period can be repeated by clearing a 
memory storing the occupancy sensor readings and starting 
over. In another embodiment, the trial period may be consid 
ered a sliding window, wherein the oldest sensor readings 
may be removed and replaced by newer sensor readings as 
they are obtained. For example, an entire day's worth of the 
oldest sensor readings could be removed and replaced by the 
current day's sensor readings. The length of the trial period 
may also be adjusted in this embodiment Such that one week's 
worth of sensor measurements are evaluated at the end of each 
day after a least one week of sensor measurements are 
obtained. Of course, the trial period lasting one week is 
merely exemplary, and the trial period may also last one day, 
ten days, one month, two weeks, and so forth. If at the end of 
any successful trial period the threshold criterion is deter 
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mined to be met, the thermostat can transition into the enabled 
state 706 and the away-state feature may be enabled. 
0079 FIG. 8 illustrates a graph 800 of various sensors 
responses during a trial period, according to one embodiment. 
First, graph 800 illustrates how a trial period may be divided 
into a plurality of time windows, or “time buckets.” Instead of 
storing an indication every time an occupancy sensor detects 
a physical presence, a single indication of whether a physical 
presence was detected can be stored for each time window. 
This may simplify calculations, reduce the amount of 
memory required, and/or make it easier to correlate sensor 
measurements with other events. For example, the timeline in 
FIG. 8 illustrates at least a portion of a trial period. This 
portion of the trial period can be divided up into various time 
windows, such as windows 824, 826, 828, and 830. In one 
embodiment, each of the time windows is approximately 5 
minutes long. In other embodiments, each of the time win 
dows can be between 3 and 7 minutes, approximately 10 
minutes, 1 minute, and so forth. In some embodiments each of 
the time windows may have a uniform length, while in other 
embodiments each of the time windows may have different 
lengths. 
0080 FIG. 8 also illustrates a number of sensor responses. 
Response 806 may correspond to an occupancy sensor, Such 
as a PIR sensor or an active proximity sensor. Response 806 
illustrates a number of distinct response types that correspond 
to whether or not a physical presence is detected within the 
sensor's responsive area. Section 817 of response 806 illus 
trates a response characteristic of a physical presence 
detected within the responsive area of the occupancy sensor. 
Similarly, section 822 illustrates another response character 
istic of a physical presence having a somewhat longer dura 
tion than the response of section 817. Section 816 of response 
806 illustrates a response characteristic of an occupancy sen 
Sor that does not detect a physical presence within its respon 
sive area. 
0081. Occupancy sensor responses indicative of a physical 
presence may be confined to a single time window or may 
span several time windows. Generally, a threshold may be 
used, such as threshold 834 to determine whether a sensor 
response is sufficient to indicate a physical presence. In one 
embodiment, any time window recording a sensor response 
that satisfies the threshold may be recorded in the time win 
dow during which occupancy was sensed. In this particular 
example, section 817 would record an occupancy response 
during time window 824. Section 822, however, would record 
an occupancy response during both time window 828 and 
time window 830. 

0082. Other sensor types may be used to determine 
whether a detected physical response should be used to 
qualify the thermostat for enabling the away-state feature. In 
one embodiment, it may be desirable to only record a physical 
presence when a user does not interact with the thermostat. 
The operating theory in this embodiment is that even if the 
thermostatis placed in a location that is unsuitable to establish 
Sufficient sensor confidence, a number of physical presence 
events may still be detected when users interact with the 
thermostat. Some embodiments of the thermostat discussed 
above may include so-called “learning thermostats' that learn 
user behaviors such that actual interactions or minimized 
after an initial period of acclamation. Therefore, occupancy 
may need to be detected during conditions where users rarely 
interact with the thermostat. If the trial period for determining 
whether the away-state feature can be enabled takes place 
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shortly after installation, many of the physical presence 
events sensed by the occupancy sensors may correspond to 
interactions with the thermostat before it learns user behavior, 
and thus may not be truly indicative of the level of sensor 
confidence needed to correctly determine occupancy. 
I0083) To solve this problem, one embodiment may use 
various interaction sensors to determine when a user interacts 
with the thermostat. The responses of these interaction sen 
sors can be correlated with the responses of the occupancy 
sensors in order to eliminate the occupancy sensor responses 
that coincide with interactions. Interaction sensors may 
include near-range PIR sensors, near-range active proximity 
sensors, Sound sensors, light sensors, and/or the like. In a 
preferred embodiment, an interaction sensor includes sensors 
configured to detect a physical manipulation of a user inter 
face of the thermostat. These sensors may be referred to 
herein as “manipulation sensors.” 
I0084. In FIG. 8, response 802 may represent the output of 
a manipulation sensor, Such as an optical sensor coupled to a 
rotatable ring disposed around an outer perimeter of the ther 
mostat housing. The optical sensor may provide an output 
whenever a rotation of the outer ring takes place, or when the 
user otherwise manipulates the user interface. As shown, 
response 802 includes section 820 representing a physical 
manipulation of the thermostat. Note that section 820 of 
response 802 coincides with section 822 of response 806 
from the occupancy sensor. Therefore, section 822 of 
response 806 can be excluded by some embodiments from the 
readings recorded during the trial period. In contrast, there is 
no corresponding manipulation event for section 817 of 
response 806, and thus time window 820 may record a record 
physical presence event. 
I0085. In some cases, manipulation events may not pre 
cisely coincide with physical presence events as detected by 
these two types of sensors. In one embodiment, whenever a 
manipulation event is detected, physical presence events may 
be disregarded that occurred within the same time window. In 
another embodiment, physical presence events may be disre 
garded that occurred within one, two, or three time windows 
of the manipulation event. 
I0086. At the conclusion of the trial period, the recorded 
sensor responses can be analyzed. In one embodiment, the 
sensor response for each time window may be stored within a 
data structure. Generating a metric characterizing the occu 
pancy during the time period may comprise determining the 
percentage of time windows during which at least one physi 
cal presence was detected compared to the number of time 
windows during which no physical presence was detected. 
From this, a percentage of occupancy may be obtained. This 
metric may be referred to as an "occupancy level” and may 
represent the percentage of time windows during which 
physical presences were detected. 
I0087. Other more sophisticated means of computing an 
occupancy level may also be used. In some embodiments, it 
may be useful to store metrics that differentiate between 
weekends and weekdays. Some embodiments may also store 
metrics that represents physical presence events detected dur 
ing the same time window during each day. 
I0088 FIG. 9 illustrates a graph900 depicting one method 
of storing occupancy sensor measurements, according to one 
embodiment. For convenience, response 902, response 906, 
as well as sections 916, 920, and 922 are similar to those 
shown in FIG.8. Response 908 can represent how the various 
responses are stored in a data structure within a memory. In 
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this particular embodiment, time windows 924,926,928, and 
930 may represent time windows that occur daily. For 
example, time window 924 may represent 9:00 AM through 
9:05 AM during each weekday. When a physical presence 
event is detected by the occupancy sensor, such as section 916 
of response 906, the value stored in the memory location for 
time window 924 can be adjusted. 
0089. In this particular example, the value stored in the 
memory location for each time window represents the per 
centage of days during the time period that a physical pres 
ence event was detected during the time window. As shown by 
response 908, the value 910 stored for time window 924 can 
represent 100% if response 906 occurs in the first day of the 
trial period. Notice also that values 912 and 914 represent 0% 
because section 922 of response 906 corresponds with a 
manipulation event. 
0090 FIG. 10 illustrates agraph 1000 depicting storage of 
occupancy sensor measurements during the trial period, 
according to one embodiment. Trace 1002 represents the 
value stored for each time window during the previous days of 
the trial period. In this example, a physical presence event 
occurred during time window 1026 during every previous day 
during the trial period. Similarly, a physical presence event 
occurred during time window 1030 during a proximally 50% 
of the previous days during the trial period. Trace 1004 rep 
resents sensor responses during a current day of the trial 
period. In this example, a physical presence event was 
detected during time windows 1014, 1016, and 1018. Note 
that other physical presence events may have occurred during 
other time windows, such as time window 1032; however 
these physical presence events may have been excluded 
because of other sensor responses, such as responses from 
manipulation sensors. 
0091 Trace 1006 represents the value stored for each time 
window after the current day's physical presence events have 
been recorded. In other words, trace 1006 is the result of 
applying trace 1004 to trace 1002. In this example, because a 
physical presence event 1014 was detected on the current day, 
the value stored for time window 1026 remains at 100%. 
Similarly, physical presence event 1016 was detected on the 
current day, and thus the value stored for time window 1028 
changes from 0% to 33%. It can be inferred from this calcu 
lation that the values represented by trace 1002 represent the 
cumulative effects of two previous days. Therefore value 
1022 of 33% represents two previous days without physical 
presence events combined with the physical presence event of 
the current day. Likewise, physical presence event 1018 can 
be added to the 50% value previously stored for time window 
1030 to generate a new value of 66%. Time window 1032 
does not show a physical presence event on the current day or 
on any previous days. Therefore, the value for time window 
1032 remains at 0%. 
0092. According to this example, each time window may 
represent a bucket of time that reoccurs throughout the trial 
period. Although 24 hours has been used as the reoccurrence 
period, it will be clear in light of this disclosure that any other 
period could also be used. Some embodiments may store 
measurements according to every hour, or according to every 
12 hour cycle. Other embodiments may store measurements 
that repeat weekly. 
0093. As discussed previously, if the trial period ends and 

it is determined that the threshold criterion is not met, the 
thermostat may again enter the training mode and begin a new 
trial period. When a new trial period begins, the memory 
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locations for each time window may be reset to zero. In 
another embodiment, the values currently stored in the 
memory locations for each time window may be retained, and 
the percentage may continue to be adjusted over the new trial 
period. Other embodiments may discount the value of previ 
ously stored in the memory locations such that it is weighed 
less than new values acquired during the new trial period. 
0094. In embodiments where the value stored for each 
time window represents sensor measurements obtained dur 
ing time intervals that repeat daily, it may be advantageous to 
treat the values for weekdays differently than weekends. It 
has been observed that user patterns of occupancy tend to 
follow a first pattern during weekdays and a second pattern 
during weekends when the homes are traditionally more 
occupied. 
0.095 FIG. 11 illustrates a representation of occupancy 
levels for each day in one week, according to one embodi 
ment. Here, occupancy levels 1106, 1108, 1110, 1112, 1114, 
1116, and 1118 have been generated for each day by combin 
ing the occupancy levels for each time window occurring for 
that day. This may be done by simply adding the time inter 
vals during a day in which a physical presence was detected 
and comparing it to the number of time intervals during the 
day in which no physical presence was detected. 
0096. In order to generate a single occupancy level statis 

tic, the occupancy levels for each day can be combined. In one 
embodiment, a total weekday occupancy level 1102 can be 
generated by combining the occupancy levels from each 
weekday. Similarly, a total weekend occupancy level 1104 
can be generated by combining the occupancy levels from 
Saturday and Sunday. The weekday occupancy level 1102 
can be combined with the weekend occupancy level 1104 by 
combining the two statistics proportionally. In one embodi 
ment, the weekday occupancy level 1102 can be multiplied by 
5/7 and the weekend occupancy level 1104 can be multiplied 
by 2/7 and added together to generate a final occupancy level. 
(0097. In the embodiment illustrated by FIG. 10 where the 
time windows repeat daily, this process can be simplified. For 
example, a single data structure may be used for a single set of 
time windows during weekdays, and a single data structure 
may be used for a single set of time windows during week 
ends. These the weekday time windows can be combined to 
generate a weekday occupancy level, and the weekend time 
windows can be combined to generate a weekend occupancy 
level. The weekend occupancy level can be combined with 
the weekday occupancy level as described above to generate 
a final occupancy level. 
0098. In other embodiments (not shown) different time 
windows can be combined using different weights. In one 
embodiment, a morning occupancy level can be generated 
and combined with an evening occupancy level. In another 
embodiment, a mealtime occupancy level can be generated 
and combined with a non-mealtime occupancy level. These 
different time windows can be combined using different 
weights. For example, a mealtime occupancy level may be 
weighted more heavily than a non-mealtime occupancy level 
when combined. It will be understood in light of this disclo 
Sure that many other types of combinations and repeating 
sequences of time windows may be used. 
0099 FIG. 12 illustrates a flowchart 1200 of a method for 
determining whether an away-state feature should be 
enabled, according to one embodiment. The method may 
include installing or resetting the thermostat (1201). A reset 
may be manually initiated by a user, or may be remotely 
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instructed by a control server. The method may also include 
recording sensor readings (1202). In one embodiment, the 
sensor readings may be from occupancy sensor(s) that are 
disposed within the housing of the thermostat and configured 
to detect physical presences of users within a responsive area 
of the occupancy sensor(s). The occupancy sensor may be in 
operative communication with a processing system. In one 
embodiment, the occupancy sensor(s) may comprise a PIR 
SSO. 

0100. A processing system may be disposed within the 
housing and coupled to a user interface. The processing sys 
tem may be configured to be in operative communication with 
one or more temperature sensors for determining an ambient 
air temperature, and in operative communication with one or 
more input devices including the user interface for determin 
ing a setpoint temperature value, and in still further operative 
communication with a heating, ventilation, and air condition 
ing (HVAC) system to control the HVAC system based at least 
in part on a comparison of a measured ambient temperature 
and the setpoint temperature value. 
0101 The sensor readings may be acquired during a trial 
period. In one embodiment, the trial period begins upon 
installation and/or reset of the thermostat. The trial period 
may be in any interval of time, including between five and 
eight days, as well as one week. The acquired sensor readings 
may, in one embodiment, be stored according to a plurality of 
time windows. The trial period may be divided into the plu 
rality of time windows, wherein each of the readings from the 
occupancy sensors are stored in a corresponding one of the 
plurality of time windows during which the reading occurs. In 
one embodiment, sensor readings may be excluded that also 
correspond with manipulation oran inferred intent to interact 
with or view the thermostat. 
0102 The method may also include determining the end 
of the trial period (1204). At the end of the trial period, an 
occupancy level may be computed for the trial period based 
on the stored sensor readings, or the stored indications of how 
often the occupancy sensor(s) detected physical presences of 
users during the trial period. In one embodiment, stored indi 
cations that correspond to a weekday can be treated differ 
ently when computing the occupancy level than a Subset of 
the stored indications that corresponds to a weekend. 
0103) In one embodiment, the processing system may 
comprise a head unit processor and a backplate processor as 
described above. The backplate processor may receive, store, 
and manage the occupancy sensor(s) readings. In one 
embodiment, the readings may be sent to the head unit pro 
cessor at the end of the trial period in order to generate an 
occupancy level and to determine whether the occupancy 
level satisfies the threshold criterion. In another embodiment, 
the backplate processor may perform all of these functions 
without waking the head unit processor. 
0104. The method may additionally include determining 
whether a threshold criterion is satisfied (1206). In the away 
state feature, the thermostatenters into an away-state mode of 
operation upon a determination by the processing system 
based upon readings acquired by the occupancy sensor(s) that 
an away-stay criterion indicative of a non-occupancy condi 
tion for an enclosure in which the thermostat has been 
installed has been satisfied. The away-mode of operation may 
include an automated setpoint temperature setback mode. 
0105. In one embodiment, the threshold criterion may be 
designed to establish whether the thermostat is placed in a 
location in the enclosure where occupancy information is 
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readily sensed by the occupancy sensor(s) of the thermostat. 
In one embodiment, the threshold criterion represents an 
occupancy level of between approximately 0.02 and 0.10. In 
another embodiment, the threshold criterion represents an 
occupancy level of approximately 0.035. 
0106 Determining whether the threshold criterion is sat 
isfied may include comparing the occupancy level for the trial 
period to the threshold criterion. In another embodiment, this 
determination may comprise comparing information derived 
from the trial period readings to the threshold criterion to 
establish whether sufficiently true indications of occupancy 
conditions were sensed by the occupancy sensor(s) during the 
trial period. 
0107 The method may further include enabling the away 
state feature of the thermostat if it is determined that the 
Sufficiently true indications of occupancy conditions were 
sensed during the trial period (1208). In one embodiment, the 
processing system can be further configured to determine 
whether to activate the away-state feature after a second trial 
period. The second trial period may be instituted in response 
to a failure to satisfy the threshold criterion. In other words, 
the second trial period may be instituted after a determination 
that the Sufficiently true indications of occupancy conditions 
were not sensed during the first trial period. If is determined 
that the away-state feature should not be enabled, then 
method may again begin recording new occupancy sensor 
readings during a new trial period (1210). 
0108. It will be understood that details disclosed in other 
sections of this disclosure may also be incorporated into the 
method described in relation to FIG. 12. For example, the trial 
period may be divided into repeating time windows and 
stored in memory locations that are later combined according 
to various methods disclosed hereinto compute an occupancy 
level. Other similar features may be incorporated into the 
method above. 
0109. It should be appreciated that the specific steps illus 
trated in FIG. 12 provide particular methods of determining 
whether an away-state feature should be enabled according to 
various embodiments of the present invention. Other 
sequences of steps may also be performed according to alter 
native embodiments. For example, alternative embodiments 
of the present invention may perform the steps outlined above 
in a different order. Moreover, the individual steps illustrated 
in FIG. 12 may include multiple sub-steps that may be per 
formed in various sequences as appropriate to the individual 
step. Furthermore, additional steps may be added or removed 
depending on the particular applications. One of ordinary 
skill in the art would recognize many variations, modifica 
tions, and alternatives. 
0110 Thus, provided according to one or more of the 
embodiments is a device (which in Some particularly advan 
tageous embodiments is a thermostat), its related user inter 
faces, and related methods and systems that facilitate a user 
friendly, enjoyable, pleasant experience during the crucial 
“first contact” period and equally crucial first couple of days 
and/or weeks thereafter in that (a) the user is not bothered 
with the need to decide whether to allow (activate) or to not 
allow (not activate) the automatic away-state functionality 
when they are setting up the device, while at the same time (b) 
the device will not trigger into the automatic away-state 
unless it determines itself to be “qualified to make that 
decision, thereby avoiding (or Substantially lessening the 
likelihood) of a case in which the device triggers into the 
auto-away state (e.g., turning down the setpoint temperature 
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during wintertime) while the user is actually still occupying 
the premises. Whereas many alterations and modifications of 
the present invention will no doubt become apparent to a 
person of ordinary skill in the art after having read the fore 
going description, it is to be understood that the particular 
embodiments shown and described by way of illustration are 
in no way intended to be considered limiting. Therefore, 
reference to the details of the preferred embodiments is not 
intended to limit their scope. 
What is claimed is: 
1. A thermostat, comprising: 
a housing: 
a processing system disposed within the housing and 

coupled to a user interface, the processing system being 
configured to be in operative communication with one or 
more temperature sensors for determining an ambient 
air temperature, in operative communication with one or 
more input devices including said user interface for 
determining a setpoint temperature value, and in still 
further operative communication with a heating, venti 
lation, and air conditioning (HVAC) system to control 
the HVAC system based at least in part on a comparison 
of a measured ambient temperature and the setpoint 
temperature value; and 

at least one occupancy sensor in operative communication 
with the processing system, the thermostat including an 
away-state feature in which the thermostatenters into an 
away-state mode of operation upon a determination by 
the processing system based on readings acquired by the 
at least one occupancy sensor that an away-state crite 
rion indicative of a non-occupancy condition for an 
enclosure in which the thermostat has been installed has 
been satisfied, the away-state mode of operation includ 
ing an automated setpoint temperature setback mode; 

wherein the processing system is further configured to 
automatically determine, without requiring user input, 
whether to activate said away-state feature for the enclo 
sure in which the thermostat has been installed, said 
determining comprising: 
receiving readings from the at least one occupancy sen 

Sor during a trial period; 
comparing information derived from said trial period 

readings to a threshold criterion to establish whether 
Sufficiently true indications of occupancy conditions 
were sensed by the at least one occupancy sensor 
during the trial period; and 

enabling said away-state feature of the thermostat only if 
it is determined that the sufficiently true indications of 
occupancy conditions were sensed during the trial 
period. 

2. The method of claim 1, wherein the at least one occu 
pancy sensor comprises a Passive Infrared sensor (PIR) 
mounted within the housing of the thermostat. 

3. The method of claim 1, wherein the threshold criterion is 
designed to establish whether the thermostat is placed in a 
location in the enclosure where occupancy information is 
readily sensed by the at least one occupancy sensor of the 
thermostat. 

4. The method of claim 1, wherein the trial period begins 
upon installation of the thermostat within the enclosure. 

5. The method of claim 1, wherein the trial period com 
prises between approximately five and eight days. 

6. The method of claim 1, wherein the trial period is divided 
into a plurality of time windows, wherein the each of the 
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readings from the at least one occupancy sensor are stored in 
a corresponding one of the plurality of time windows during 
which the reading occurs. 

7. The method of claim 1, wherein the threshold criterion 
represents an occupancy level of between approximately 0.02 
and 0.10. 

8. A method of qualifying athermostatto activate an away 
state feature, the method comprising: 

receiving readings from at least one occupancy sensor dur 
ing a trial period, the at least one occupancy sensor being 
in operative communication with a processing system, 
wherein: 
the processing system is disposed within a thermostat 

housing and coupled to a user interface, the process 
ing system being configured to be in operative com 
munication with one or more temperature sensors for 
determining an ambient air temperature, in operative 
communication with one or more input devices 
including said user interface for determining a set 
point temperature value, and in still further operative 
communication with a heating, ventilation, and air 
conditioning (HVAC) system to control the HVAC 
system based at least in part on a comparison of a 
measured ambient temperature and the setpoint tem 
perature value; 

comparing information derived from said trial period read 
ings to threshold criterion to establish whether suffi 
ciently true indications of occupancy conditions were 
sensed by the at least one occupancy sensor during the 
trial period; 

determining automatically, without requiring user input, 
whether to activate the away-state feature for an enclo 
sure in which the thermostat has been installed, wherein: 
the away-state feature causes the thermostatto enter into 

an away-state mode of operation upon a determina 
tion by the processing system based on the readings 
acquired by the at least one occupancy sensor that an 
away-state criterion indicative of a non-occupancy 
condition for the enclosure in which the thermostat 
has been installed has been satisfied, the away-state 
mode of operation including an automated setpoint 
temperature setback mode; and 

enabling said away-state feature of the thermostat only if it 
is determined that the sufficiently true indications of 
occupancy conditions were sensed during the trial 
period. 

9. The method of claim 8, wherein the at least one occu 
pancy sensor comprises a Passive Infrared sensor (PIR) 
mounted within a housing of the thermostat. 

10. The method of claim 8, wherein the threshold criterion 
is designed to establish whether the thermostat is placed in a 
location in the enclosure where occupancy information is 
readily sensed by the at least one occupancy sensor of the 
thermostat. 

11. The method of claim 8, wherein the trial period begins 
upon installation of the thermostat within the enclosure. 

12. The method of claim 8, wherein the trial period com 
prises approximately 7 days. 

13. The method of claim 8, wherein the trial period is 
divided into a plurality of time windows, wherein the each of 
the readings from the at least one occupancy sensor are stored 
in a corresponding one of the plurality of time windows 
during which each reading occurs. 
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14. The method of claim 8, wherein the threshold criterion 
represents an occupancy level of approximately 0.035. 

15. A thermostat, comprising: 
a housing: 
an occupancy sensor that is disposed within the housing 

and configured to detect physical presences of users 
within a responsive area of the occupancy sensor, 

a processing system that is disposed within the housing and 
in operative communication with the occupancy sensor, 
the processing system being configured to determine 
after a trial period whether to activate an away-state 
feature, said determining comprising: 
storing indications of how often the occupancy sensor 

detected physical presences of users during the trial 
period; 

computing an occupancy level for the trial period based 
on the stored indications; 

comparing the occupancy level to a threshold criterion; 
determining whether sufficiently true indications of 

occupancy conditions were sensed by the occupancy 
sensor during the trial period based on the compari 
son; and 

enabling the away-state feature of the thermostat only if 
it is determined that the sufficiently true indications of 
occupancy conditions were sensed during the trial 
period. 

16. The method of claim 15, wherein the processing system 
is further configured to exclude, from the computing of the 
occupancy level, a detected physical presence when the 
detected physical presence coincides with a physical manipu 
lation of the thermostat. 

Apr. 25, 2013 

17. The method of claim 15, wherein a subset of the stored 
indications that correspond to a weekday are treated differ 
ently when computing the occupancy level than a Subset of 
the stored indications that correspond to a weekend. 

18. The method of claim 15, wherein the away-state feature 
causes the thermostat to entes into an away-state mode of 
operation upon a determination by the processing system 
based on readings acquired by the occupancy sensor that an 
away-state criterion indicative of a non-occupancy condition 
for an enclosure in which the thermostat has been installed 
has been satisfied, the away-state mode of operation includ 
ing an automated setpoint temperature setback mode. 

19. The method of claim 15, wherein the trial period com 
prises a first trial period, and wherein the processing system is 
further configured to determine whether to activate the away 
state feature after a second trial period in response to a deter 
mination that the Sufficiently true indications of occupancy 
conditions were not sensed during the first trial period. 

20. The method of claim 15, wherein the processing system 
is disposed within the housing and coupled to a user interface, 
the processing system being configured to be in operative 
communication with one or more temperature sensors for 
determining an ambient air temperature, in operative commu 
nication with one or more input devices including said user 
interface for determining a setpoint temperature value, and in 
still further operative communication with a heating, ventila 
tion, and air conditioning (HVAC) system to control the 
HVAC system based at least in part on a comparison of a 
measured ambient temperature and the setpoint temperature 
value. 


